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ARSTRACT 

Margin calculations for Apollo 14 have been performed 
using the communication system parameters available from the 
Apollo 12 mission. The results of these calculations are tabu- 
lated giving both the predicted power margins and also the max- 
imum usable ranges of selected Apollo communications services. 

Some of the results for non standard configurations 
are the following: 

Maximum range for  color television with positive 
margin, received at a DSN 210' station from the 
bore sight of a CSM omni antenna is about 51,000 
nm. Degraded pictures may be usable out to about 
70,000 nm. 

Low bit rate telemetry can be received up to 
lunar range with a BER by an MSFN 8 5 '  
ground station for transmissions from omni an- 
tennas on both the CSM and the LM. 

A DSN 210' ground station is required to receive 
with positive margins, frequency modulated trans- 
missions of dual EVA data from a LM steerable an- 
tenna at lunar range. 

A DSN 210' ground station is also required to 
receive low power phase modulated transmissions 
of 51.2 FRPS telemetry data with a RER from 
a LM steerable antenna at lunar range. 
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MEMORANDUM FOR FILE 

I. Introduction 

Communications performance predictions have been 
calculated for the CSM and LM downlink channels using the 
Apollo 12 mission performance data given in Table VI1 and 
Reference 1. The calculations, except for the modes with 
base band voice modulation, which are contained in Appendix A, 
were performed using the power margin equations contained 
in Reference 2. The analysis contained in this memorandum 
includes tabulations of predicted power margins for selec- 
ted downlink services of the possible downlink antenna 
combinations between the LM, CSM, MSFN 8 5 '  and DSN 210'; 
in the downlinks using omni antennas, both the nominal case 
and the special case of "on axis or bore sight" transmissions 
are considered. For the CSM, tabulations of maximum communi- 
cations ranges of selected downlinks are also included. 

11. Results 

Results of this analysis are summarized in Tables I 
thru IV. Table I shows the maximum communication ranges pre- 
dicted for transmissions from the CSM omni antennas assuming 
that the +5db bore sight gain of these antennas can be utilized. 
Table I1 is similar to Table I but here maximum range predic- 
tions for both the CSM omni antennas (assuming zero dB gain) 
and the narrow beam CSM steerable antenna transmissions are 
shown. Tables I11 and IV show the predicted power margins 
for selected downlink services transmitted from the CSM and LM 
respectively: in these two tables the margins for the omni an- 
tennas are calculated using gains of zero and -3dB for the CSM 
m d  LM o m n i  antennas respectively. Note that in Tables I-IV 
the magnitudes shown for total received signal power, labelled 
Pr, and the total required received power, labelled Pmin, are 
taken from Tables V and VI. 

111. Discussion of Results 

Maximum range calculations for bore sight trans- 
missions from the CSM omni antennas show that in the phase 
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modulation modes, low hit rate telemetry and voice can be re- 
ceived with positive margins, at an MSFN 85' station up to 
lunar range and in the frequency modulation mode television can 
be received at a DSN 210' station up to 51,000 nautical miles. 
To utilize the 5db bore sight antenna gain, reference 3 indi- 
cates that the CSM's attitude needs to be remained fixed to 
within - +30 degrees. 

Maximum range calculations for high power transmissions 
from the CSM steerable - HGA(N) antenna show that all mission 
data except color television can be received with positive mar- 
gins at an M S F N  85' station up to lunar range. In this antenna 
configuration the maximum predicted range for reception of 
color television with positive margins is 151,000 nautical miles. 

Table IV 

Power margin calculations summarized in Table IV 
for possible downlink LM antenna configurations up-date and 
expand the analysis recently presented in Reference 4 .  The 
results in Reference 4 were intended to be based on Apollo 12 
mission parameters: however, some earlier parameter values 
were inadvertently used that differed slightly from the Apollo 12 
data. The corrected results show some improvements in the pre- 
dicted performance from that reported in Reference 4 ;  however, 
this improvement is only significant toward achieving positive 
margins in cases where the LM is transmitting in the low power 
mode. 

From Reference 5 "LM Antenna Systems Performance," 
James S. Kelly, NASA/MSC, December 1967, it appears that a 
zero db gain can be achieved by the LM omni antennas over about 
77% of its surrounding sphere. With LM omni antenna gains of 
zero db, low bit rate telemetry could be received by an MSFN 
85' with a Bit Error Fate (BER) = and high bit rate 
telemetry could be received by a DSN 210' with BER 

Television performance is discussed above and is 
presented in Tables I-IV o n l y  in terms of the specified 
threshold performance of television for Apollo 12. Regard- 
less of the basis used for selecting this "threshold" perfor- 
mance, arguments can be raised in specific cases for defining 
a degraded picture "usable" in scenes where detail is not re- 
quired and where that performance is all that is available. 
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T e l e v i s i o n  r e c e i v e d  a t  a n  MSFN 85 '  s t a t i o n  from a CSM 
s t e e r a b l e  an tenna  a t  l u n a r  range  h a s  been claimed t o  be " u s a b l e "  
i n  Reference 6 .  If t h i s  degree  o f  d e q r a d a t i o n  i s  cons ide red  
a c c e p t a b l e  f o r  a s e l e c t e d  scene, t h e n  t h e  " u s a b l e "  range  f o r  a 
c o l o r  p i c t u r e  t r a n s m i t t e d  t o  a DSN 2 1 0 '  s t a t i o n  from t h e  b o r e  
s i g h t  of a CSM omni an tenna  can he  ex tended  from t h e  51,000 
n a u t i c a l  m i l e s  s t a t e d  i n  Table I t o  a t  l eas t  7 0 , 0 0 0  n a u t i c a l  
m i l e s .  

Conclus ions  

Margin c a l c u l a t i o n s  p r e d i c t  t h e  fo l lowing  s i g n i f i c a n t  
c a p a b i l i t i e s  f o r  s p e c i a l  Apollo s p a c e c r a f t  l i n k s :  

1. T e l e v i s i o n  can be t r a n s m i t t e d  w i t h  p o s i t i v e  margins  
from t h e  bo re  s i g h t  of  a CSM omni an tenna  t o  a DSN 
2 1 0 '  s t a t i o n  up t o  a maximum of  abou t  5 1 , 0 0 0  n a u t i c a l  
m i l e s .  A degraded but  "usab le"  p i c t u r e  may be re- 
ce ived  up t o  abou t  7 0 , 0 0 0  n a u t i c a l  m i l e s  i n  t h i s  
an tenna  c o n f i g u r a t i o n .  

2 .  Low b i t  r a t e  t e l e m e t r y  and v o i c e  i n  t h e  phase  
modulated mode can be r e c e i v e d  w i t h  p o s i t i v e  m a r -  
g i n s  a t  a n  MSFN 8 5 '  s t a t i o n  from t h e  bo re  s i g h t  of 
a CSM omni an tenna  up t o  l u n a r  range .  

1. Low b i t  t e l e m e t r y  (RER i n  t h e  phase  modula- 
t e d  mode c a n  be r ece ived  a t  an  MSFN 85 '  s t a t i o n  
when t r a n s m i t t e d  from t h e  bo re  s i g h t  of  a LM omni 
an tenna  a t  l u n a r  range.  

2 .  A DSN 2 1 0 '  an tenna  i s  r e q u i r e d  t o  receive, w i t h  p o s i -  
t i v e  margins ,  d u a l  EVA d a t a  t r a n s m i t t e d  f r o m  a LM 
s t e e r a b l e  an tenna  a t  l u n a r  range .  

3 .  A DSN 2 1 0 '  an tenna  is r e q u i r e d  t o  receive, w i t h  p o s i -  
t i v e  margins ,  h i g h  b i t  r a te  t e l e m e t r y  d a t a  

(BER = l o  ) t r a n s m i t t e d  a t  l o w  power from a LM 
s t e e r a b l e  an tenna  a t  l u n a r  range .  

-6 

2 0 3 4 -NWS - m s  
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Appendix A 

Power Margin Fqua t ions  
f o r  Those Modulation 

Modes w i t h  Base Rand Voice 

The fo l lowing  power margin e q u a t i o n s  have been 
d e r i v e d  i n  a manner s i m i l a r  t o  t h a t  used i n  Reference 2 of t h e  
t e x t  and d i f f e r  from them on ly  w i t h  r e g a r d  t o  t h e  changes 
n e c e s s a r y  t o  i n c o r p o r a t e  t h e  base  band v o i c e  modes. 

The downlink s i g n a l  i s  assumed t o  be of t h e  form 

w t = m sinw t + n s inw2t  + 0 
X 1 1 2 

y = m sinw t + m sinw t + m + n 
3 3 4 4 5 r 

P = T o t a l  r ece ived  s i g n a l  power a t  t h e  ground 
gr receiver 

w = Down carr ier  frequency i n  rad ians /second dc 

u s  R = Ro = Gain of t h e  t r a n s p o n d e r  
9 t u r n  around channe l  

I F i I  
Ro ="L L B G = Transponder c o n s t a n t  f o r  t u r n  

around channel  2 u s  

= Power o u t p u t  of t h e  l i m i t e r  i n  t h e  t r a n s p o n d e r  
v ideo  channel .  Lus 

= Gain of t h e  t r ansponder  c o h e r e n t  c a r r i e r  p r o d u c t  B 
2 
- 

d e t e c t o r .  

G = Combined g a i n  of t h e  t r ansponder  I F  channel  
and modulator.  
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D z sr 
KoTuBt s 

(S/NIUs = = signal to noise power ratio at the 
input to the limiter in the trans- 
ponder video channel 

= total received signal power at the transponder 
input 'sr 

KO = 1.38 X 10 -23 watts/OKHz = Roltzmann's constant 

TU = AU+R P = noise temperature referred to 
uc transponder in degrees Kelvin 

AU,BU = transponder noise temperature constants 

= up carrier signal power received at the trans- 
ponder 

Bts = input bandwidth of the limiter in the trans- 
ponder video channel 

ml,m2 = up subcarrier peak modulator indexes in radians 

m3,m4 = down subcarrier peak modulation indexes in radians 

w1,w2 = up subcarrier frequencies in radians/second 

w 3 , w 4  = down subcarrier frequencies in radians/second 

0 = peak modulation index in radians of pseudo 
random range code 

2 2 n = NU r - _  - approximation of the thermal noise power 
retransmitted by the transponder. 

1 / 2  1 / 2  
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l i m i t e r  f a c t o r  f o r  
l i m i t e r  i n  t r a n s p o n d e r  
v i d e o  channe l  

k = Il/4 f o r  (S/NIUS .035 u s  

= . 68  ( S / N ) U s  + . 76  f o r  ,035 < .35 

= 1 f o r  ( S / N ) U s  .35 

Bv = Bandwidth of t h e  t r ansponder  v i d e o  channel  

m = E f f e c t i v e  peak modulat ion f o r  t h e  baseband back-up 
voice modulated d i r e c t l y  on ca r r i e r .  

n d ( t )  = Thermal n o i s e  added t o  received s i g n a l  by ground 
receiver 

Downlink S u b c a r r i e r s  

Power Margin = 1 0  loglo 

'min w = i AdBw.Ydu K 
1 i r  o 

c J 

2 2 2 2 2 

2 2 2 2 2 

a = Jo ( R  Jo (NU)  Jo (mi)  Jo ( m .  1 c o s  (m,) 

Jo ( N U )  J1 (mi) Jo (mj 1 c o s  (m,) 

d c  9 3 

= J ( R  
d w  i o g  

a 

2 2 2 2 2 Bwi 
n u  = Jo (Rg) J1 ( N U )  Jo h3) Jo (m4)cos (m ) - 

Bv 

Required s i g n a l  t o  n o i s e  r a t i o  
i n  dB fo r  t h r e s h o l d  p e r f o r -  
mance of s u b c a r r i e r  channel  
d iv ided  by 1 0 .  

Bw = P r e d e t e c t i o n  bandwidth of s u b c a r r i e r  channel .  
I [' 

Y d w i r  = AntiloglO 

i 

A- 2 
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i = 3 o r 4  

j = 3 o r 4  

kds i s  i d e n t i c a l  t o  kUs e x c e p t  t h a t  ( S / N )  = 

B = I n p u t  bandwidth of l i m i t e r  i n  t h e  ground s t a t i o n  
gs v ideo  channel  

Range Code 

rg+min cJ 

Power  Margin = 10 loglo 
A- 3 

Adydcor K o - - 
'min co  4adco - a  B y  K -  

C 
dc d dco r  o 'dcor rl 

2 2 2 2 2 2 2 = J ( R  Jz (NU) Jo (m,) Jo ( m 2 )  Jo (m3)  Jo (m,) s i n  ocos m5 
dco 1 9  

a 

s i g n a l  t o  n o i s e  r a t i o  i n  dB 
of r a n g i n g  I = AntiloglO 'dcor 

Baseband V o i c e  

Power Margin = 1 0  loglo 

[ ' X i n d v l  

A- 4 
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Ad Bbv 'dv rKo 

'dvrKo Bdv "dcBd - 2  'dvrkdc'ldv a k  - dv dc 

Pos t  d e t e c t i o n  bandwidth of base  band v o i c e  

i s  i d e n t i c a l  t o  kUs excep t  t h a t  kdc 

' KoTdBdc 

= Bandwidth of downlink c a r r i e r  t r a c k i n g  loop. Bdc 
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TABLE VI  

TOTAL RECEIVED SIGNAL POWER REQUIRED FOR THRESHOLD PERFORMANCE 
OF APOLLO COMMUNICATIONS CHANNELS 

PHASE MODULATION MODES 

CHANNEL W/OTHER SERVICES 
TRANSMITTED SlMU LTANEOUSLY 

(USING A DSN-210' OR MSFN-85' GROUND 
STATION POINTING TO THE MOON AT 
ZENITH) 

1. 

2. 2) VOICE/BIOMED DATA 

3. 

4. VOICE/BIOMED 

51.2 KBPS TLM W/ 1) FULL MODE* 

3) 51.2 KBPS TLM ONLY 

DATA W/ 1) FULL MODE* - HBR TLM 

2) FULL MODE* - LBR TLM 5. 

6. 3) 51.2 KBPS TLM 

7. 4) 1.6 KBPS TLM 

8. 5) VOICE/BIOMED ONLY 

9. 1.6 KBPS TLM W/ 1) FULL MODE* 

10. 2) VOICE/BIOMED DATA 

11. 3) BASE BAND VOICE 

12. 

13. BASEBAND VOICE 

4) 1.6 KBPS TLM ONLY 

W/ 1 ) 1.6 KBPS TLM 

2) BASE BAND VOICE ONLV 14. 

15. RANGING W/ 1) FULL MODE - HBR TLM 

16. 

17. 

18. KEYONLY 

2) FULL MODE - LBR TLM 

3) RANGING ONLY 

csr 
MODE 

)OWN 

2 

1 

13 

2 

3 

1 

4 

12 

3 

4 

8 

5 

8 

10 

2 

3 

7 

6 

SIGNAL 
POWER 
(dBW) 

- 138.4 

- 139.0 

- 141.1 

- 141.7 

- 146.0 

- 142.2 

- 146.4 

- 147.3 

- 149.5 

- 150.0 

- 150.7 

- 158.0 

- 162.2 

- 166.6 

- 148.3* 
- 150.7** 

- 147.0 

- 163.4* 

- 179.4 

Lm 
MODE 

DOWN 

2 

1 

13 

2 
- 
1 

7 

12 

- 
7 

4 

3 

4 

5 

2 

- 

11 

6 

SIGNAL 
POWER 
(dBW) 

- 139.5 

- 140.2 

- 142.0 

- 141.4 

- 
- 142.1 

- 146.7 

- 145.7 

- 
- 149.2 

- 148.3 

- 157.2 

- 162.1 

- 166.3 

- 146.3t 
- 149.8tt 

- 
- 164.2t 

- 181.2 

* 
** 

t 
tt 

CALCULATED FOR CSM OMNl - MSFN 85' LINK 

CALCULATED FOR CSM HGA(N) - DSN 210' LINK 

CALCULATED FOR LM OMNl - MSFN 85' LINK 
CALCULATED FOR LM ERECTABLE - DSN 210' LINK 



TABLE VI (CONTINUED) 

TOTAL RECEIVED SIGNAL POWER REQUIRED FOR THRESHOLD PERFORMANCE 
OF APOLLO COMMUNICATIONS CHANNELS 

FREQUENCY MODULATION MODES 

CHANNEL 

(USING DSN-210' OR MSFN-85' GROUND STATION POINTING 
TO THE MOON AT ZENITH) 

CSM 

1.  

2. 

3. 

4. 

5. 

6. 

7. 

LM 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

1 : l  PLAY BACK VOICE (70% WORD INTELLIGIBILITY) 

32:l PLAY BACK VOICE (70% WORD INTELLIGIBILITY) 

1 : l  PLAY BACK 51.2 KBPS TLM (BER = lo4) 

32:l PLAY BACK 1.6 KBPS TLM (BER = 

32:l PLAY BACK 1.6 KBPS LM (BER = IO4) SPLIT PHASE TLM 

TELEVISION (BLACK AND WHITE) 

TELEVISION (COLOR) 

VOICE (90% WORD INTELLIBIBILITY) 

51.2 KBPS TLM WITH TELEVISION 

51.2 KBPS TLM NO TELEVISION 

1.6 KBPS TLM WITH TELEVISION 

1.6 KBPS TLM NO TELEVISION 

EVA (DUAL) WITH TELEVISION 

EVA (DUAL) NO TELEVISION 

TELEVISION (BLACK AND WHITE) 

TELEVISION (COLOR 1 

SIGNAL 
POWER 
(dBW) 

- 139.0 

- 135.2 

- 136.0 

- 136.0 

- 133.1 

- 132.5 

- 124.0 

- 132.0 

- 131.6 

- 133.2 

- 140.2 

- 141.8 

- 126.6 

- 127.6 

- 132.5 

- 124.0 



c 
TABLE VI1 

USB SYSTEM PARAMETERS USED IN CALCULATING 
COMMUNICATIONS MARGINS 

[TAKEN FROM APOLLD 12 DATA) 

PARAMETER 

RECEIVE CARRIER 

NSD CONSTANT A 

NSD CONSTANT B 

IF BANDWIDTH 

VIDEO BANDWIDTH 

RANGING CHANNEL CONSTANT 

CARRIER LOOP BANDWIDTH 

POINTING LOSS 

POLARIZATION LOSS 

TRANSMIT POWER 

ANTENNA GAINS !TRAh!SM!T! 

ANTENNA GAINS (RECEIVE1 

TRANSMIT CIRCUIT LOSS 

RECEIVE CIRCUIT LOSS 

REOUIRED S!GYAL!NOISE RATIOS 

PM 

- CARRIER 

- UP VOICE (FOR 90% WORD INTELLI- 
GIBILITY) 

- UP DATA (FOR A MAXIMUM MESSAGE 
REJECTION OF ONE PER 1000) 

- DOWN VOICE WITH BIOME0 (FOR 90% 

- TLM. 51.2 KBPS IFOR A BER = 10+1 

- TLM .1.6 KBPS (FOR A BER = 1061 

WORD INTELLlGlBlLlTYl 

- RANGING (FOR A MAXIMUM ACQUI- 
S!?!CN ?!LIE OF 60 SECONDS: 

- BASEBAND VOICE 

- EMERGENCYKEY 

PREDETECTIDN BANDWIDTHS 

- UPVOICE 

- UPDATA 

- DOWN VOICE (SUBCARRIER) 
(WITH BIOMED DATA1 

- DOWN VOICE (BASEBAND) 

- TLM - 51.2 KBPS 

- TLU - 1.6 KBPS 

- KEY 

- RANGING 

RHO (FOR PM BACK UP VOICE, 24 dB 
CLIPPING) 

GROUND STATION 

2282.5 (LMI 
2287.5 (CSM-PMI 
2272.5 ICSM-FM) 

210 IMSFN 85’ ANC 
MSFN 210 
STATION1 

3.05 

4.8 

50 

0 

0 

104 

52.5 (MSFN 85’) 
60.5 IDSN 210) 

43.0 IMSFN 3 0 )  

53 (MSFN85’) 
61 (DSN210’I 

44 (MSFN30) 

0 

0 

12.0 

8.0 

8.0 

5.9 

32.0 

4.0 

- 10.5 

42.0 

2840.0 

160.0 

7250.0 

1350.0 

1.0 

CSM 

2106.406 

5800 

,0275 

4.6 

1.7 

.44 

800 

0 (OMNI) 
0.2 IHGAl 

0 

13.3 (HIGH-FM) 
12.5 (HIGH-PM) 

.125(LDW) 

0 !0?.1N!! 
8.5 IHGA-WI 
18.4 [HGA-MI 
25.8 [HGA-NI 

IOMNI) 
7 [HGA-Wl 
24.4 [HGA-MI 
24.9 [HGA-NI 

- 1.8 (OMNI-AI 
- 3.8 (OMNI-C) 
-5.0 (HGA) 

- 2.5 (OMNI-AI 
- 4.5 (OMNI-C) 
-5.6 (HGA) 

12.0 

10.0 

10.0 

22.0 

22.0 

.66 

LM 

2101.8 

3600 

,126 

4.8 

1.8 

.55 

1100 

0 (OMNI) 
0.5 ISTEERABLE) 
2.0 (ERECTABLE) 

0 

18.6 (HIGH1 
.34(LOW) 

- 3  !OMH!! 
20.5 ISTEERABLE 
34.0 (ERECTABLE 

- 3.0 (OMNII 
16.5 (STEERABLE 
31.7 (ERECTABLE 

- 3.4 (OMNII 
- 4.5 (STEERABLE 
- 8.3 (ERECTABLE 

- 5.4 (OMNI) 
- 6.0 (STEERABLI 
-10.3 (ERECTABLI 

12.0 

10.0 

10.0 

22.0 

23.0 

.66 

UNITS 

MHz 

DEGREES KELVIN 

x 1015 OEGIWATT 

MHz 

MHz 

- 

Hz 

dB 

dB 

WATTS 

dE 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

kHz 

kHz 

kHz 

H I  

kHz 

HZ 

Hz 

HZ 



TABLE VI1 (CONTINUED) 

MODULATION INDICES IN RADIANS FOR THE PM MODES 

UPLINK 
(CSM AND LM) 

DOWNLINK (CSM) 

DOWNLINK (LM) 

MODE 

MODE 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 

11 

12 

13 

14 

1 

2 

3 
4 

5 

6 

7 

8 

11 

12 

13 

14 

15 

UPVOICE 

- 
1.85 
- 

1.2 

1.0 

1.1 

1.2 

NORMAL VOICE 

.70 

.70 

1.2 

1.2 

- 

1.2 

1.2 

.9 

.9 
- 
- 

- 
1.3 

.73 

.9 
- 

1.3 

UPDATA 

- 
- 

1.85 
- 

1.2 

1.0 

1.1 
- 

HBR TELEMETRY 

RANGING 

1.34 

- 
.38 

.38 

.44 
- 
.38 

~ 

LBR TELEMETRY 

.70 

.70 

1.6 

1 .o 
- 

1.2 

1.6 
- 
- 

- 
- 

- 

1.3 

1.3 

1.4 

.70 

1.3 
- 
- 
- 
- 

3ASEBAND VOICE 

- 
- 
- 
- 
.70 

1.2 
- 
- 

- 

COMMENTS 

WITH RANGING 

WITH RANGING 

EMERGENCYKEY 

RANGING ONLY 

WITH RANGING 

WITH RANGING 

WITH RANGING 

WITH RANGING 

EMERGENCY KEY 

LOW POWER MODE 

WITH BIOMED SUBCARRIERS 

WITH RANGING ONLY 

WITH RANGING 

WITH RANGING 
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